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Abstract:

Nickel (0)-catalyzed diene-aldehyde cyclization was realized. In this reaction, oxidative cyclization between
diene and a]dehyde moiety occurs to give - allylni(.kcl u)mplex and then B -hydride elimination occurs to
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give cyclized diene. Various diene-aldehydes having substituents on the diene gave the cychzed products
using Ni (0) in good to moderate yields. © 1998 Elsevier Science Lid. All rights reserved.
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useful in synth‘tlc 0rgamc chenlst“y ' We found the highly regio- and stereﬁ—con‘roiled
diene-aldehyde cyclization® using hydridenickel complex (HNiX) generated from Ni(acac),
and DIBAI-H in the presence of PPh,’. It is expected that when diene-aldehyde 1 havinga
tether at the 2-position of the diene moiety is treated with HNiX generated from Ni(acac),
and DIBAL-H in the presence of PPh,, m-allyl nickel complex 2a or 2b is formed, and a

new carbon-carbon bond is formed to produce cyclized product 3a or 3b. Ou'rv plan
shown in Scheme 1.

Scheme 1. Our Plan for Nickel-Promoted Diene-Aldehyde Cyclization

Ni(acac),
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A THF solution of 1a (1 equiv.) was added to a THF solution of nickel catalyst

4Q 1 2R A

prepared from Ni(acac), (1 equiv.), PPh, (2 equiv.) and DIBAL-H (2 equiv.), and the

solution was stirred at 0 °C for 1.5 h. After hydrolysis of the reaction mixture, we
obtained cyclized product 4a in 13% yield along with 5a and 6a in 15% and 11% yields,
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reaction nuxture was treated with D, O or oxygen, and the reaction was carried out under
oxygen and at a low temperature (- 30 to -50°C)), all attempts were fruitless.

If this reaction proceeds by Ni(0) comnlex not HNiX, generated from Ni(acac), and
DIBAL-H in the presence of PPh, (Eq. 1),> oxidative cyclization would occur between
diene and aldehyde moiety to produce m-allylnickel complex 7. Hydrolysis of 7 would
afford alcohol 4a. Formation of 5a and 6a would be also explained by the reaction of 7
with oxygen, although the oxygen source is not clear. To confirm this assumption, the

reaction was carried out using Ni(0).

Ni(acac)2 100 mol %
PPh; 200 mo! %

P | 200mol% . . OH OH — oH HO_ .o _~__OH
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Scheme 2
) DIBAL-H . DIBAL-H ¢ i
Ni(acac), —»l H-Ni(ll)-X I————— I Ni(0) I (eq. 1)
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Scheme 4

Table 1. Reaction of 1a with Ni(cod), and PPh3

yield (%) ratioot  yield (%) Ni—O
run_Temp (°C) Time (h) Total Yield (%) gar9a B8a:9a _ b5a< 6a =
1 0 5 [4l 48 1:14 23
2 n 5 78 64 1:3.2 12 N
3 rt 18 83 74 1:2.7 9 OYO
4 50 1 77 65 1:15 1 . a
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and 3). The fact that the yields of alcohols Sa and 6a decreased with a higher reaction
temperature indicates that m-allylnickel complex is fairly stable at a low temperature and
B-hydride elimination would occur at a high temperature.

It was thought that -hydride elimination from 7a would afford oxo-hydride nickel
complex 10, which should give 8a or 9a by reductive elimination. Thus, Ni(0) should be
regenerated in this reaction (See Scheme 7). We succeeded in obtammg the desired

products 8a and 9a in 91 % yield (ratio of 1 to 3.8) when the reaction was carried out using
30 mol % of Ni{cod), and PPh, (60 mol %). The useof 10 mol % of the catalyst gave the
desired products in 83% yield (ratio of 1 to 5.6).*"
bsequemly reactions of various substrates having substituents on the diene moiety
1{CO

d), and PPh,. In each case, the desired cyclized

were investigated using 30 mol % of Ni(
products were obtdmcd in good to moderate VleldS (Scheme 6). A small amount of
oxidation product 11, which would be formed by B-hydride elimination from 10, was
obtained in each case.®

Ni(cod), 30 mol % /\i/\'/OH M/OH
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Scheme 6
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The prooame reaction course 1s shown in Scheme 7. OXidﬂtiVC C)’Ci zation occurs

UClWUCll UIUIIC auu UR: dlUUllyUC« lllUiEly Ul 1 to glVC - dll)’llllb!&ﬂi Lumpiex . WHIU[] lS l[l a
state of equilibrium with 7a and 7b. Then -hydride elimination from 7a occurs to give
1n O

oxo-hydridenickel complex 10. Reductive elimination from 10 gives 8 or 9 and Ni(0).
On the other hand, B-hydride elimination from oxo-hydridenickel complex 10 gives
o,B.y,0-unsaturated ketone 11 dnd dihydride nickel complex. From this dihydride nickel

Lomplex, Ni(0) would be regenerated. Thus, the catalyuc cycle would be established.
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R. B_-'hy_driqe " .’" reguetiv_e P

eliminatio ; eliminatio /R’ R
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Further studies on this reaction are in progress.
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Under the slmllar conditions, various ligands can be used (MePh,P; 84%(8a:9a=1:2.0), Mce.PhP: 91% (2.1:1). dppe:
46%(1:1.4), dppb; 91% (4.0:1)) (30 mol % of Ni(0), Ni : PR;=1: 2, in the case of bidentate ligand. Ni : PR.=1: 1).
[51  Previously, we considered that the nickel-promoted cyclization proceeded by HNiX generated from Ni(acac), and DIBAL in

the presence of rru;, because ihe reaction did not prueeeu Dy lVl\L(x.l)» and r‘r‘n; and it pr(x.eeoeﬂ Dy Nl(uxl)» and t‘l"h; in the
presence of Et;SiH, 2 Now we are reinvestigating the mechanism of nickel-promoted cyclization by Ni(acac). and DIBAL-
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H in the presence of PPh,.
(6]  Each compound, 8b or 9b, was oxidized with PCC to give the corresponding ketone in 52% or 70% vyield. respectively.
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